The season of active growth and wafer use by warm-season grasses is about five months, May through September, compared with seven to eight months for cool-season grasses. The,re was less wafer in fhe soil in midspring each year under cool-season than under warm-season grasses. Consequently, the cool-season pastures suffered from midsummer drought more offen than did warmseason pastures.
deep. Below this is a finer-textured zone grading into light brown parent material. The topography is gently rolling to nearly level.
The average annual precipitation at the Agronomy Farm for the 25-year period, 1931-1955 Leyss.) , tall wheatgrass (Agropyron elongatum (Host) Beauv) , and intermediate wheatgrass (A. intermedium (Host) Beauv) , were planted in early September of the same season. All pastures were five acres in size.
The warm-season grasses were cut for hay in August, 1955. The coolseason grasses were harvested for seed. All the pastures were grazed with yearling Hereford steers each season beginning in the spring of 1956.
Samples for soil moisture determinations were taken in la-inch increments to a depth of five feet with a Veihmeyer-King soil tube. The moisture content of each sample was determined gravimetrically. Moisture determinations were made several times each season. Usually, soil cores were taken from two to four representative areas in each of eight or more pastures at each time of sampling. In every case, the same number of samples were taken from cool-season and warm-season pastures. The dates of sampling are shown in the tables with the results.
The water-holding capacity of the soil at 15 bars tension was determined with the pressure-membrane apparatus (Richards, 1947) for samples from several locations in the area.2 The moisture content at this tension is considered to be approximately the permanent wilting percentage for many soils. In this study, moisture contents below the 15-bar percentage were found on several occasions, even at depths below two feet. Therefore, 85% of the 15-bar percentage is considered to be the permanent wilting point for the grasses used, and any water in excess of this amount is reported as the "available water" at each date of sampling. (Table  1 ). Apparently this difference in amount of soil moisture in the fall was due to the differences in amount of fall growth and corresponding rates of water use by the two kinds of grass.
In mid-April of 1957, the upper two feet of soil under the coolseason grasses contained 3.07 inches of available water, but below this layer, the soil was dry to a depth of five feet (Table  3 ). In contrast, the soil under 75 the warm-season grasses contained 3.82 inches of available water in the upper two feet plus 1.60 inches in the two-to-fivefoot zone, a total of 5.42 inches.
Rainfall in 1957 was near normal in each of the three months, June, July, and August. 1 Water in excess of 85% of the amount held by the soil at 15 bars tension is considered to be available to the grasses. 2Soil sampled only to a depth of 3 feet on October 10. iWater in excess of 85% of the amount held by the soil at 15 bars tension is considered to be available to the grasses.
The cool-season grasses were nearly dormant and made little or no new growth during this period.
The two kinds of pasture were about equal in production in 1957. The cool-season pastures were grazed through a longer season than the warm-season pastures; May 13 to October 9 (149 days) and June 19 to October 9 (112 days), respectively. The steers on cool-season pasture lost an average of 27 pounds per head during August while those on warm-season pasture gained 14 pounds per head during the month. Number of steer-days of grazing and pounds of gain per acre were nearly equal for the two kinds of pasture (Table 2) .
Precipitation during the six months, October 1957 through March 1958, was 12.60 inches. This is 75% above the long-time average for the period. On April 19, the average amounts of available water in the upper five feet of soil under cool-season and warm-season grasses were 7.63 and 9.65 inches, respectively (Table 4) .
Precipitation in April, May, and June was 33% less than normal, yet there was no evidence that growth of any of the grasses was limited because of insufficient water. Apparently, the large reserves of water in the soil at the beginning of the season were sufficient to meet the needs of the grasses until heavy rains occurred in July.
Variations in the amounts of water in the upper five feet of soil under the two kinds of grass during a representative two-year period, August 1959 through July 1961, are shown graphically in Figure 2 . Total precipitation during the period was 2% less than the long-time average. At the beginning of the period, the amounts of available water in the five-foot profile under the cool-season and warm-season grasses were nearly equal, 3.18 and 3.74 inches, respectively. In 1960, the new herbage growth of the cool-season grasses began in mid-March; that of the warmseason grasses the last of April. The pattern of soil moisture supplies during the spring and summer of 1961 was similar to that in 1960. On April 20, the amounts of available water in the upper five feet of soil under cool-season and warm-season grasses were 5.85 and 10.38 inches, respectively. These decreased to 2.01 and 5.41 inches, respectively, on July 1 and to 0.96 and 4.03 inches on August 1. Rainfall during the four months, April through July, was only 9.34 inches, 28% less than normal for the period. Production of the cool-season pastures was sharply curtailed after late June by drought. But the large reserves of available soil moisture under the warm-season pastures in early May were sufficient to maintain high production throughout the summer.
In 1961, the cool-season pastures were stocked to obtain maximum allowable use of the forage during the spring and early summer while the forage quality was high. Then the steers were moved to warm-season pastures for the remainder of the summer and back to the cool-season pastures for a month in the fall. Under this system of management, yearling steers gained 254 pounds per head during a 164-day grazing season. The cool-season pastures produced 143 days of grazing and 267 nounds of gain per acre. This is 12% fewer days of grazing, but 54% more gain per acre than were obtained from these pastures in 1958 and 1959, when they were stocked for season-long grazing. grasses. These grasses do not begin their growth in the spring until the weather and soil have become warm, usually the last of April or first of May in Nebraska. They grow rapidly during the warm weather of late spring and summer if moisture is available. With the coming of shorter days and cool nights in early fall, these grasses become semi-dormant. They stop growing with the first killing frost. Hence, under a stand of warmseason grasses, most of the moisture that enters the soil during the fall, winter, and early spring may be stored for use during their growing season, midspring through the summer.
Discussion and Conclusions

Most
The cool-season grasses renew growth as soon as the soil thaws in the spring, usually late March in Nebraska. These grasses tend to become dormant, or at least make little growth, during the hot weather of midsummer. They renew growth again in late summer or early fall if water is available. Cool-season grasses are frost tolerant and will continue to grow until the soil freezes in late fall or early winter. Generally, much of the moisture that comes during the fall and early spring is used immediately. Therefore, soil moisture reserves do not accumulate under stands of cool-season grasses during the fall, winter, and/or early spring except in seasons of above normal precipitation.
Precipitation in the Central Great Plains varies greatly from year to year and within years. Normally, rainfall from October through March is low. Drought periods occur frequently. Insufficient moisture in the soil often is the principal factor limiting range and pasture production. The results obtained in this study indicate that cool-season and warm-season grasses should be planted in separate pastures.
78
The cool-season pastures will use late summer and fall moisture to produce forage for fall grazing. The winter and early spring moisture will be used in the production of early growth for spring grazing. At the same time, the fall, winter and early spring precipitation may be stored in the soil under the warm-season pastures to insure maximum production of forage for summer grazing.
In the Flint Hill Region, where most of the desirable forage species are warm-season grasses, the greatest production of beef cattle was obtained when grazing was deferred until mid-June each year (Anderson, 1940) . Such deferment is not practical unless the stockman has some cool-season pasture for the stock during the spring. If the two kinds of grasses are grown in mixture in the same pasture and the grazing animals have free CONARD AND YOUNGMAN choice of plants to eat, it is impossible to obtain full use of each grass in its proper season. Where the two kinds of grasses are grown in separate pastures, each can be grazed in its proper season and a relatively uniform carrying capacity can be maintained throughout a long grazing season each year.
Summary
Amounts of water in the soil to a depth of five feet under cool-season and warm-season grass pastures were determined several times each year, 1956 to 1961, inclusive. The results are reported in terms of inches of "available water." Soil moisture in excess of 85% of the amount held by the soil at 15 bars tension was considered to be available to the grasses used in this study.
Six warm-season pastures in the study included one each of big bluestem, side-oats grama, and switchgrass in pure stands and one pasture of each of these grasses in mixture with sand lovegrass. Six cool-season pastures included two each of smooth bromegrass, intermediate wheatgrass, and tall wheatgrass.
There was less water in the soil under the cool-season than under the warm-season grasses in midspring each year. The amounts under the warm-season grasses ranged from 25% to 240% more than under the coolseason gr a s s e s . Consequently, the cool-season pastures suffered from midsummer drought more often than did the warm-season pastures.
